License Plate Detection (LPD) is a key component in automatic license plate recognition system. Despite the success of License Plate Recognition (LPR) methods in the past decades, the problem is quite a challenge due to the diversity of plate formats and multiform outdoor illumination conditions during image acquisition. This paper aims at automatical detection of car license plates via image processing techniques. In this paper, we proposed a real-time and robust method for license plate detection using Heuristic Energy Map(HEM). In the vehicle image, the region of license plate contains many components or edges. We obtain the edge energy values of an image by using the box filter and search for the license plate region with high energy values. Using this energy value information or Heuristic Energy Map(HEM), we can easily detect the license plate region from vehicle image with a very high possibilities. The proposed method consists two main steps: Region of Interest (ROI) Detection and License Plate Detection. This method has better performance in speed and accuracy than the most of existing methods used for license plate detection. The proposed method can detect a license plate within 130 milliseconds and its detection rate is 99.2% on a 3.10-GHz Intel Core i3-2100(with 4.00 GB of RAM) personal computer.
Ⅰ. Introduction
In recent years, with the increase of terrorist activities around the world, security has become a major concern. The demand for security-related services has been higher than there ever was, and there is a great need to find new way to protect ourselves or improve the existing methods by using information technology. One area of interest has been automated surveillance systems controlled by computers, which could work independently with minimal human intervention. An automated system has been evolved into the Intelligent Transport System (ITS) that could identify suspect vehicles passing though can issue alerts or report such incidence to corresponding authorities immediately. This may speed up response time significantly and can save lives. License Plate Recognition (LPR) is an important technology in ITS combining the method of computer vision, image processing and pattern recognition. License Plate Detection is a necessary procedure for LPR.
In real-life context, the License Plate Detection (LPD) has to confront some difficulties which result from uncontrolled imaging conditions such as complex scene, bad weather condition, low contrast, blurring and viewpoint changes [1, 2] .
Methods to locate the license plate region in images or videos from previous literature can be grouped into the following categories: Binary Image Processing, Gray-Level Processing, Color Processing and Classifiers or Machine learning algorithms [2] .
In the binary image processing methods to extract license plate regions from background images, techniques based on combinations of edge statistics and morphology could achieve good results [3] [4] [5] . However, such methods are typically based on a hypothesis that the edges of the license plate frames are clear and horizontal. If the license plate frames were not clear or they had some affine transformation, these algorithms may not produce reliable results.
In the gray-level image processing methods to detect license plates with black characters over white backgrounds, the large contrast between the characters and the background is exploited [6] [7] [8] . It is assumed that the density of edges in the license plate region is larger than other regions if the contrast of the character and the license plate is sufficiently large.
In many countries or regions, the format of license plates is strictly enforced. The color of the text and background is fixed, so that many algorithms use color information to detect license plates [9, 10] . However, if the lighting conditions change, the color of the license plates will vary. So the license plate detection algorithms that only rely on the color information may not achieve high detection rates.
Recently, machine learning-based license plate detection methods using different classifiers become very popular [11] [12] [13] [14] . 
Ⅲ. Proposed System
In an image, edges or components have significant domain-knowledge information and can be used to find any object in an image. All components or edges have energy value. Using the energy value we can easily find the position of license plate because license plate region contain high energy value. However, since energy values in an image can be varied by many environmental factors such as weather and illumination, it may not be easy to ensure that license plate region has always higher energy value than the other regions, especially, if the whole image is the target. But even though the effect from the environmental factors is given, the symptom of being a region with high energy can be retained at the local investigation. In addition, since the process to detect license plate using energy map is a time-consuming task, it is not proper in real-time system. Therefore, our proposed method consist of two main steps: (I) License Plate Detection (LPD). Before detection of license plate using the energy map, a target range to be investigated for detecting a region with high energy value is localized from a whole image to a relatively small region called ROI. 
Prewitt operator, as shown in Fig. 5 , is applied to get its edge image from a grayscale image.
The Prewitt operator is based on convoluting the image with a small, separable, and integer valued filter in horizontal and vertical direction and is therefore relatively inexpensive in terms of computations. On the other hand, the gradient approximation which it produces is relatively crude, in particular for high frequency variations in the image. If M≥threshold , the current pixel is marked as an edge pixel. Fig. 7 shows an edge image obtained from a grayscale image using Prewitt operator.
There are many small edges or components in an edge image. Morphological opening operation (first erosion and then dilation) defined in Eq. (3) is used to remove all of these small components or edges from the image. Opening is widely used Fig. 13 . Edge image from grayscale image using Sobel vertical edge operator. 
A○B = ( A⊖B)⊕B
In mathematical morphology, the shape and size of a structuring element plays crucial role in image processing and we use the rectangular structuring elements shown in Fig 8(a) . Fig. 8(b) shows the result obtained after opening operation with Fig. 8(a) .
After removing small components or edges, projection on the X (horizontal) direction and projection on the Y (vertical) direction of edge image are obtained as shown in Fig. 9 . There are some big edges appearing in edge image but not being contained in license plate. So we eliminate those big edges using maximum threshold (we use 300) of vertical projection information.
Finally, four points R1, R2, R3, and R4 are found from horizontal and vertical projection information to determine the Region of Interest (ROI) which contain the maximum histograms or intensity values as shown in Fig. 10 .
License Plate Detection(LPD)
For License Plate Detection (LPD), the ROI image is loaded as an input image. Fig. 11 describes the process of License Plate Detection (LPD) system.
There are eight steps for license plate detection system. The first step is to convert ROI image from RGB color image to Grayscale image.
Because a license plate region has many vertical edges due to many characters it contains, Sobel vertical operator, as shown in Fig. 12 , is used to obtain only vertical edges from it. operator. After obtaining vertical edges, the morphological opening operator is also used for removing small components or edges. Now, the box filter [16] is used to blur the edge image, before calculating the energy map of the edges, as shown in Fig. 14 . The kernel K in Eq. (4) is used.
For applying threshold to find the large energy region, we should calculate the threshold value. Fig. 15 shows the pseudo code for calculating threshold value and image after applying threshold . Then, a centre point of remained components is found as shown in Fig. 16(a) and the region of 100x 40 is determined around the center point.
And then licence plate area is detected by cropping the region from the ROI image, as shown in Fig. 16(b) . Fig. 17(a) There are some non license plate area detected as the license plate region by using heuristic energy map. Connected-component labeling is used to delete them [17] [18] [19] [20] . Blob extraction is generally performed on the result from a thresholding step. Blobs may be counted, filtered, and tracked. With the CCA judgment, we can reject the false positive region images and find the only license plate region images and save it, as shown in Fig. 17(b) . The method to distinguish license plates from non-license plates is given below;
If (6 <= the number of blobs <= 10)
accept the region as a License Plate.
else reject the region as a Non-license Plate.
Ⅳ. Experimental results and discussions
We proposed a two-stage method for license plate detection. So our experimental results will be divided into two parts. For testing performance of our proposed method, we use two different databases. The details experimental results are presented in the next. 
Experimental results for License Plate
Detection by using Heuristic Energy Map 52000 images from our databases are used to verify the proposed method. The experiment is based upon the condition of CPU 3.10-GHz Intel Core i3-2100 with 4.00 GB of RAM and implemented in Matlab R2010a. The following Table 1 shows the performance of the first step of our proposed method, Region of Interest (ROI) detection in image size reduction rate, accuracy, and time. Table 2 shows the performance of the license plate detection (LPD) step in accuracy and computational time.
ROI detection step, there are 156 images which are not detected and in license plate detection step, 260 images are missed. In other words, 416 out of 52000 images are missed. Therefore, totally, the average detection rate is 99.2% and computational time is 130 milliseconds. Table 3 shows the performance comparison of the proposed method with other existing methods. It shows that the proposed one is superior in accuracy and speed to the others, even using different data set.
V. Conclusion and future work
This is paper presents a practical license plate detection system using heuristic energy map of edges or components of an image. 
